THE PAST AS PROLOGUE
The traditional focus of occupational health nursing has been the promotion, protection, and restoration of workers' health within the context of a healthy and safe work environment. However, the past decade saw a broadened focus for the specialty to include the larger environment (AAOHN, 1998) .
The increasing importance of environmental health presented significant challenges and opportunities for occupational and environmental health nurses. More fully incorporating environmental health into the scope of professional practice was a natural evolution for this specialty. Occupational and environmental health nurses already had training and expertise in identification of hazardous chemical and physical exposures, and illnesses as sequelae, because many exposures originated in the workplace. Additionally, occupational and environmental health nurses with expertise in the identification of hazardous chemical and physical exposures, as well as preventive strategies, are a critical resource to their colleagues in the larger community and global environment. The complex etiology, prevention, and treatment of environmental health problems require a sound knowledge of the potential adverse effects of the environment on human health. In 1998, the American Association of Occupational Health Nurses identified a core set of competencies for occupational and environmental health nurses in environmental health (AAOHN, 1998) .
Environmental health within occupational and environmental health nursing refers to the human health effects associated with chemical, biological, and physical agents in the air, water, soil, and food. A wide variety of environmental health risks may be present in the home, school, community, and workplace.
ROUTES OF EXPOSURE
Routes of exposure to environmental hazards include: • Inhalation (e.g., breathing air polluted with ozone and sulfur dioxide). • Ingestion/gastrointestinal tract (e.g., drinking water contaminated with benzene or eating food with pesticide residue). • Percutaneous/dermal (e.g., showering with water contaminated with volatile organic chemicals or contact with pesticide residue). 14 • Ocular contact (e.g., formaldehyde emitted from latex backed carpets). • Transplacental (e.g., pregnant women consuming mercury contaminated fish).
A recently published report indicated that not only did infants have the same serum concentrations of polybrominated diphenyl ether, a persistent organic pollutant used in many household items including carpets and furniture cushions, as their mothers, but in fact the concentrations were 20 to 106 times the levels found in their mothers (Mazdai, 2003) .
ENVIRONMENTAL EPIDEMIOLOGY
Epidemiology, the basic science of prevention and public health, is the study of the distribution and determinants of disease in a population. Epidemiologic research identifies preventable risk factors for environmentally related diseases. Epidemiology is critical for evidence-based practice in occupational and environmental health nursing.
To understand the relationship between environmental exposures and health outcomes, occupational and environmental health nurses must be informed consumers of epidemiologic research and able to critically evaluate its quality. This requires an understanding of the limitations of environmental epidemiology. The most significant limitations are: • Poorly defined and measured exposure. Unlike occupational settings, measures of individual exposures in the community may be crude or unavailable.
• Limited usefulness of epidemiologic study designs that rely on large study populations. Community exposures may have small numbers of exposed individuals (e.g., people in a neighborhood). • Limited understanding of simultaneous exposure to multiple chemicals (the way most community exposures occur) limits accurate exposure assessment. • Variance in susceptibility of exposed populations. This may be attributable to many factors including genetic endowment, pre-existing health conditions, or even nutritional status. • Long latency period between exposure and the onset of disease makes health outcomes very difficult to capture (Cummins, 1999) .
Environmental epidemiology is further constrained by the lack of a national reporting and tracking system for environmental exposures and their potential health effects. In an effort to address this issue, the Centers for Disease Control and Prevention (CDC) currently funds 17 states, three local health departments, and three schools of public health for planning, capacity building, and demonstration projects in environmental public health tracking. The CDC has a goal to develop a national network that will: • Be standards based. • Allow direct electronic data reporting and linkage within and across health effect, exposure, and hazard data.
• Interoperate with other public health systems.
Environmental public health tracking will support ongoing collection, integration, analysis, and interpretation of data about environmental hazards, exposure to environmental hazards, and human health effects potentially related to exposure to environmental hazards. Importantly, it will include dissemination of study results (CDC, 2003) .
VARIANCE IN SUSCEPTIBILITY TO ENVIRONMENTAL HAZARDS
It has long been recognized that individuals do not equally bear the health burdens associated with exposure to environmental hazards (Pope, 1995) . The variance may be attributable to personal characteristics including physiologic status and pre-existing disease states, age, gender, concomitant or previous exposures, and even genetic endowment. While it is immediately apparent to the clinician how physiologic status and pre-existing conditions may alter the burden experienced by the human host to environmental toxins, the influence of other characteristics are less readily appreciated.
Age
Children are at higher risk of being exposed to environmental toxins and of suffering the adverse effects associated with them. They may be exposed in utero or after birth. After birth, their activities bring them into contact with potential exposures in water and soil. Children's smaller stature and floor level activities put them closer to the ground in a breathing zone where they are more likely to inhale dust and vapors. Even developmen-tally appropriate behavior patterns, such as hand to mouth activities, increase potential for exposure to toxins (Etzel, 2003) .
Perhaps of greatest concern is exposure in utero while organ systems are still developing. Adverse exposures at this time can lead to low birth weight, a wide variety of birth defects, and even death. After birth, children's smaller body size and developing organ systems place them at greater risk than adults because they actually receive higher doses of toxicants per pound of body weight. The amount of food children consume and the amount of water they drink per pound of body weight is higher than that of adults. In addition, children breathe much more rapidly than adults.
The cumulative effect of these factors is that children have a substantially greater exposure to toxicants in food, soil, water, and air. In the first years of life, rapidly developing organ systems, including neurologic and pulmonary, are particularly vulnerable to injury. Environmental toxicants are a growing cause of preventable illness in children (Brent, 2004; Landrigan, 1998; Mone, 2004) . These illnesses include hearing loss and delays in speech development (trichloroethylene exposure), neurologic impairment (pesticides), learning impairment (lead), cerebral palsy, mental retardation, neurodevelopmental delays and seizures (mercury), leukemia and possibly other cancers (benzene), and methemoglobinemia (nitrates and nitrites) (ATSDR, 2002a) .
Older adults are at special risk from exposure to environmental toxins for several reasons. First, the leading causes of mortality and morbidity in older adults, including cardiovascular disease, pulmonary disease, and cancer, can all be exacerbated by environmental toxins (Clancy, 2002; Hoek, 2002; Koken, 2003; Pope, 2002; Van Maele-Fabry, 2003) . Second, it is suspected that certain pollutants can actually accelerate the aging process through the harmful effects of free radicals (Adler, 2003) . Third, decreased efficiency in the blood brain barrier and cardiovascular, pulmonary, immune, renal, hepatic, and gastrointestinal systems can adversely affect response to environmental toxicants. This leads to increased susceptibility to the toxic effects of polluted air and water, pesticides, and other exogenous threats to health. Fourth, older adults have spent most of their lives living and working in a world with far fewer regulations on occupational and environmental health exposures and many have had greater exposure to environmental toxins. The human body is capable of accumulating high concentrations of chemicals and this body burden continues to increase over years of exposure. For older adults, this life long exposure to even low levels of toxicants can increase the risk of Alzheimer's disease, Parkinson's disease, osteoporosis, renal impairment, and hypertension (Hood, 2003) .
Gender
Gender differences may influence susceptibility to certain environmental toxins, although the mechanism of action is poorly understood. However, it is well documented that women have a greater proportion of body fat and are more likely to accumulate lipid soluble toxins than men. According to data from the Agency for Toxic Substances and Disease Registry (ATSDR) National Exposure Registry, women with exposure to dioxin, trichloroethane (TCA), and trichloroethylene (TCE) reported significantly more strokes, blood dyscrasias, anemia, and dermatological disorders than national norms (ATSDR, 1998) . However, other epidemiologic studies demonstrate that men are at increased risk when exposed to other environmental hazards.
A population-based case control study of health effects associated with drinking chlorinated water byproducts and cigarettes found that only men were at increased risk for bladder cancer (Cantor, 1998) . Conversely, several studies of women with occupational or residential exposure to electromagnetic fields have demonstrated elevated risk for estrogen receptor positive breast cancer. Residential exposure was defined as exposure to fields generated by power lines close to dwellings (Feychting, 1998; Forssen, 2000; Kliukiene, 2004; Van-Wijngaarden, 2001) .
Previous orConcomitant Exposure
Previous or concomitant exposures to one environmental toxicant may enhance an individual's susceptibility to another. For example, exposure to radon and cigarette smoking are synergistic-the combined effect exceeds the sum of their independent effects. The risk of lung cancer from radon exposure is estimated to be 10 times greater for individuals who smoke cigarettes in comparison with those who have never smoked (National Academy of Sciences, 1999) . Similarly, the relative risk of lung cancer from heavy cumulative asbestos exposure is increased for individuals who smoke in comparison with those who do not smoke (Holland,2001) .
Poverty and Race
Individuals living in poverty may suffer from multiple exposures. They may be working in low wage positions with few protections from hazards. In addition, their housing may be substandard. Poor and minority communities experience a disproportionately heavy burden from environmental contamination than do more affluent and non-minority communities. Low income and minority communities are much more likely to live near hazardous waste treatment facilities, landfill sites, National Priorities List (Superfund) sites, and incinerators and are more likely to eat contaminated fish (Powell, 2003) . This inequitable distribution of environmental hazards by socioeconomic class and race is associated with variability on morbidity and mortality rates for many illnesses. For example, community levels of air pollution were significantly associated with increased death from all causes, lung cancer, and cardiopulmonary diseases with income and air pollutants as significant correlates (American Lung Association, 2001; Finklestein, 2003) .
Genetic Endowment
Similarly, genetic differences may influence susceptibility to environmental hazards. The emergence of new molecular techniques for investigating genetic variation 16 between individuals is currently permitting environ.ucutal health researchers to examine inherited susceptibilities. The Environmental Genome Project has identified a group of 554 genes likely to influence the outcome of environmental exposure. Polymorphic variants in these genes, called environmentally responsive, are being identified by systematic resequencing of a pre-defined diverse, randomly selected set of human DNA samples (National Institute of Environmental Health Sciences, 2003) . Among the genetic polymorphisms of interest are those coded for the following (Olden, 2001 ): • Glutathione S-transferase Ml which influences toxicities and cancer risks. • Cytochrome P450 metabolizing enzymes which influence risk of smoking-induced lung cancer. • N-acetyltransferase-2 which influences the risk of smoking-induced bladder and breast cancers. • Paraoxonase which influences pesticide-induced nerve damage.
This new genetic technology permits identification of individuals and sub-populations at increased risk of developing environmentally associated illness. This capacity, when it becomes available, will likely bring with it many policy and ethical issues (Burke, 2002; Henry, 2002) .
With a newly refined ability to identify those at risk as a result of age, gender, poverty, race, previous or concomitant exposure, and genetic endowment, occupational and environmental health nurses are provided with new opportunities for health promotion and disease prevention intervention. Through the appropriate identification of individuals and groups at greater risk, occupational and environmental health nurses can use primary and secondary prevention activities to protect susceptible individuals from adverse exposures and environmentally related disease. Examples include worksite smoking cessation programs in regions of high radon activity and education for workers about the unique susceptibility of children to take home toxins.
CHEMICALS IN THE ENVIRONMENT
The nation's commerce depends heavily on the development and use of chemical products. The Toxic Substances Chemical Control Inventory contains more than 76,000 chemicals that are either being used currently or have been used recently in the United States (USEPA, 2003e) . Although most Americans assume basic toxicity testing is available and all chemicals in commerce today are safe, a recent U.S. Environmental Protection Agency (EPA) study has found that this is not an accurate assumption (USEPA, 2003c) . Approximately 10,000 of the chemicals in the Toxic Substances Chemical Control Inventory are produced or imported in quantities greater than 10,000 pounds per year (USEPA, 2003e).
The production or import volume of approximately 3,000 chemicals exceeds 1 million pounds per year in the United States. These are the high production volume (HPV) chemicals. Ninety-three percent of these chemicals are missing at least one basic test for toxicity, 43% have no basic toxicity data, and only 7% have a full set. This lack of test data about acute toxicity, chronic toxicity, developmental and reproductive toxicity, mutagenicity, ecotoxicity and environmental fate compromises the public's right to know about chemicals found in their environment, their homes, their workplace, and the products they buy. The basic set of test data costs approximately $200,000 per chemical. The total cost to the chemical industry to fill all of the basic screening data gaps for high production volume chemicals represents less than 0.2% of the total annual sales of the top 100 U.S. chemical companies (USEPA, 2003c) .
The Toxic Release Inventory (TRI) is a publicly available database that contains information on toxic chemical releases into the environment by certain covered industries and federal facilities. This inventory was established under the Emergency Planning and Community Right to Know Act of 1986 (EPCRA). In 1990, the Pollution Prevention Act expanded the information. There are only 650 toxic chemicals and toxic chemical categories on the list that must be reported to the EPA and the states under the EPCRAITRI Program. The TRI data represent only a portion of toxic chemical release nationwide. In 2001, 6.16 billion pounds of toxins were released into water, air, and land (US EPA, 2003a).
Chemicals in consumer products are of particular concern because of the likelihood of their exposure to children as well as other susceptible populations. Likewise, there is cause for concern in the workplace. Here again, it is frequently assumed that the chemicals with Permissible Exposure Limits (PELs) established by the Occupational Safety and Health Administration have been thoroughly tested for human health effects. However, even the high volume chemicals with PELs have significant data gaps from the human health portion of the basic screening test set. Only 53% of these high volume chemicals with PELs have basic screening tests for all four of the established human health endpoints. In contrast, only 5% of the non-PEL have had all four health effects tests and 49% have no health data available. The majority of HPV chemicals without PELs lack even minimal data needed to support development of a PEL value to protect workers (USEPA, 2003c) .
Commercial and industrial processes such as electrical generation, mining, and manufacturing all use and release chemicals into the environment. Pesticides and fertilizers support agricultural production in homes, yards, and workplaces. The lack of data on health effects and the use and release of these chemicals into the environment has created a range of challenges for protecting human health for occupational and environmental health nurses, particularly in the area of risk communication and prevention activities. However, occupational and environmental health nurses are uniquely positioned in the workplace to advocate for cleaner production methods and environmentally conscious purchasing policies that decrease waste, hazards, and cost at the source. Pollution prevention policies can be developed that focus on preventing the release of chemical contaminants by reducing the generation of waste. Toxic use reduction consists of workplace practices that reduce or eliminate the use of toxic chemicals in the production process to reduce the generation of hazardous waste.
Finally, nurses can advocate for use of the precautionary principle. The precautionary principle suggests "when an activity raises threats of harm to human health or the environment, precautionary measures should be taken even if some cause and effect relationships are not fully established" (Santillo, 1999) . The precautionary principle can be used to promote policies in the workplace and in the community that protect human health and the environment in the face of the uncertain risks posed by the lack of human health effects data for those chemicals that are ubiquitous in the environment. Further information about pollution prevention, toxic use reduction, and the precautionary principle is available at http://sustainableproduction.org and www.turi.org WATER Thousands of chemical, microbial, and radiological contaminants enter drinking water supplies as the result of both human activities and release from natural sources. Little is known about the long term health effects of many pollutants. Others have well documented potential health effects including developmental effects, cancer, and acute illness. Yet, there are only 87 contaminants with enforceable national primary drinking water standards under the Safe Drinking Water Act (US EPA, 2003f) . The included contaminants with their potential sources and health effects may be found at www.epa.gov/safewater/mcl.html#mcls.Itis important to note that these federal standards only apply to water suppliers serving more than 25 customers. Approximately 42 million Americans obtain their drinking water from their own private drinking water supplies, usually a private well with no national treatment or monitoring guidelines (USEPA, 2003d) . Even where standards are in place to regulate water systems, these standards are designed to protect the average healthy adult but may not protect infants, older adults, those who are immunosuppressed, and other vulnerable populations.
Water pollution sources can be either point sources (a well defined source, e.g., factory wastewater discharge) or non-point sources (more diffuse sources including agricultural, industrial, and urban runoff, domestic lawn care, and air pollution). Non-point sources of pollution have currently surpassed point sources as the chief cause of water pollution in the United States (Moore, 2002) . Pollutants can migrate from disposal sites, underground injection wells (UlWs), or underground storage systems and contaminate ground and surface drinking water sources. More than 750 billion gallons of hazardous and non-hazardous waste fluids are disposed of through UIW s annually. Eighty-nine percent of all land disposed hazardous waste is injected into wells where they can threaten aquifers (USEPA, 2002) . Approximately half of the population of the United States is served by ground water (aquifers) and the other half is served by mixed surface (rivers and reservoirs) and ground water supplies.
Human exposure to contaminated water is not limited exclusively to drinking contaminated water. Additional routes of human exposure to toxic agents in water include ingestion, inhalation, and dermal exposure. Exposure can occur through eating fish harvested from water contaminated with polychlorinated biphenyls or produce irrigated with water contaminated with cyclospora. Other potential opportunities for exposure include contact with contaminated water when swimming or engaging in some recreational activities. Household water supplies may result in inhalation exposures. If gases (e.g., radon) or volatile organic compounds (YOCs) are present in the water, showering and bathing provide opportunities for exposure through inhalation, ingestion, and dermal absorption. In fact, it is estimated that half of the total exposure to YOCs in drinking water occurs through inhalation (Etzel, 2003) .
ENVIRONMENTAL HEALTH ADVOCACY GROUPS

Chemical Contaminants
Water and water sediment are the "sinks" for millions of pounds of commercial and agricultural chemicals manufactured and released into the environment annually. Leakage of toxins stored in sites thought to be secure has occurred in community water supplies across the United States. Examples include wells in Tucson, Arizona and groundwater in Silicon Valley found to contain trichloroethylene (TCE), an industrial degreasing agent (Guidotti, 2003) . Another common problem is leaking underground storage tanks releasing gasoline compounded with methyl tertiary butyl ether, which is a possible animal carcinogen (USEPA, 2003g) .
Finally, air pollution represents a significant threat to water. For example, mercury, a potent developmental neurotoxin released into the air from coal-fired power plants and waste incinerators, has resulted in fish consumption advisories in 45 states (USEPA, 2003h) . Many unregulated chemicals found in drinking water supplies are known carcinogens or mutagens. Others have no availablehealth effect data. Synthetic organic chemicals (e.g., benzene, nitrite, dioxin), organicchemicals (e.g.,beryllium,cyanide,arsenic), herbicides, and pesticides are found in low concentrations in drinking water systems across the country (see Table 2 ).
Radionl/clides
Radon, alpha and beta radiation, and photons in drinking water are the result of erosion of natural ground deposits. The national Primary Drinking Water Regulations establish maximum contaminate levels (MCLs) for uranium, radium 226 and 228, alpha and beta particles, and photon emitters. Each of these is associated with increased cancer risk with uranium also being associated with nephrotoxicity (Kurttio, 2002) .
Microbial Contaminants
Human waste from poorly designed, managed, or maintained septic and sewage systems as well as waste from animal feed lots and wildlife carrying microbial pathogens may get into water ultimately used for drinking. All public drinking water supplies in the United States that use either surface or groundwater with close hydrological connections to surface water must disinfect water and most must filter it to remove pathogens. Disinfection of drinking water is largely effective. However, waterborne disease does occur. In one of the most highly publicized waterborne illness outbreaks associated with drinking water of the 1990s, 400,000 residents of Milwaukee were infected with cryptosporidium in a single outbreak in 1993. More than 50 individuals died (USEPA,2003e) .
The United States currently depends on a passive surveillance system to monitor waterborne disease so reported cases are thought to only represent a very small number of actual cases. However, the most recent data available reveal that waterborne illness outbreaks were reported in 25 states during the 1999 to 2000 surveillance period. Some estimates suggest that 40 to 50 million cases occur annually (Balbus, 2000) . Microbial contaminants include bacteria (e.g., Shigella coli, Salmonella, Ecoli, Campylobacter), parasites (e.g., Balantidium coli, Cryptosporidium parvum, Entamoeba histolytica), and viruses (e.g., Calcivirus, Rotavirus, hepatitis A, Enterovirus) (CDC, 2002; Etzel, 2003) .
Disinfection is critical to a safe public water supply. However, this process itself is associated with a different set of health risks. Chlorine is the major disinfectant used in American public water supplies. Chlorination of water with high natural organic content (e.g., fulvic and humic acids emitted from decomposing plant and animal materials in the water supply) causes the formation of compounds known as trihalomethanes. These disinfectant byproducts are associated with a variety of health effects ranging from shortened menstrual cycles, rectal and bladder cancer, spontaneous abortion, small fetal size for gestational age, and birth defects including cardiac and urinary tract disorders and neural tube defects (Bove, 2002; Etzel, 2003; Hwang, 2002; Windham, 2003) .
Occupational and environmental health nurses can identify clients belonging to special at risk groups and counsel them about preventive and protective measures. The Consumer Confidence Report, available from public water suppliers, can provide nurses with important information about water from a system including detection of regulated contaminants and potential health effects. Adapted with permission from Chalupka (2001b) . Data Sources: Chung et al. (2002) ; Pi et al. (2002) ; USEPA (2003f) ; USEPA (2003h) .
Selected Drinking Water Chemical Contaminants and Related Health Effects
Contaminant Potential Health Effects Common Sources in Drinking Water
Clients served by private wells require education about the vulnerability of their water supply, how to protect it, and guidelines for routine testing. (Information available at: www.epa.gov.safewater/privatewells/booklet/index.html Nurses can also make important contributions to safe drinking water supplies through advocacy and surveillance efforts. Advocacy efforts may be at the local or national level. These may include support for political efforts to: • Strengthen drinking water standards, including protection of infants, children, pregnant women, and frail older adults from drinking water contamination. • Force polluters to pay for drinking water protection. • Provide guarantees for right to know information about drinking water. 
AIR
Great progress has been made in air pollution control since the 1970s. However, air quality in many parts of the Nitrogen Dioxide (N0 2 ) Reddish-brown layer that appears over many urban areas.
Ozone (0 3 ) (also called "ground level" or "bad" ozone)
Carbon Monoxide (CO) (USEPA, 2003i) .
United States still falls far below established healthbased air quality standards. Approximately 113 million Americans live in EPA-designated "non-attainment areas." This means that the air pollution levels persistently exceed the health-based standards established by the federal government (USDHHS, 2000) . In a 2004 report released by the EPA, part or all of 474 counties nationwide are identified as in non-attainment for either failing to meet the 8-hour ozone standard or for causing a downwind county to fail. Approximately 159 million individuals live in areas that do not meet the ground level ozone standard (USEPA, 2004) . Information about local and regional air quality can be accessed at www.epa.gov/airnow or http://lungaction.org/reports/stateoftheair2004.htrnl An air pollutant is any substance that can cause harm to humans or the environment. Pollutants from man-made and natural sources may take the form of solid particles, liquid droplets, or gases. Emissions from. electric utilities, waste incinerators, oil refineries, smelters, agricultural operations, construction equipment, cars, trucks, buses, dry cleaners, and even lawn mowers are among the many sources that introduce pollutants into the air. Commercial products including paint, varnish, and strippers can also contribute to air pollution as they release VOCs.
The Clean Air Act, last amended in 1990, required the EPA to establish national ambient air quality standards for six of the most common air pollutants-the criteria pollutants. Criteria pollutants include ozone, particulate matter, carbon monoxide, nitrogen dioxide, sulfur dioxide, and lead. These pollutants have serious health effects ranging from respiratory and cardiac symptoms to neurologic and renal damage (see Table 3 ).
Toxic air pollutants, also known as hazardous air pollutants (HAPs), are a group of 188 pollutants known or suspected to cause cancer or other serious health effects, such as
Internet Resources for Environmental Health
Agency for Toxic Substances and Disease Registry (ATSDR) www.atsdr.cdc.gov The mission of the ATSDR, an agency of the Department of Health and Human Services is to serve the public by using the best science, taking responsive public health actions, and providing trusted health information to prevent harmful exposures and disease related to toxic substances. The site contains useful information about hazardous substances, waste sites, human health effects, and emergency response.
ATSDR Public Health and the Environment www.atsdr.cdc.gov/HEC/HSPH/hsphhome.html ATSDR's quarterly newsletter is a source of reliable information about health and environment.
ATDST Case Studies in Environmental Medicine
http://www.atsdr.cdc.gov/HEC/CSEM.htm These self-instructional publications are presented to increase the health care provider's care knowledge of hazardous substances in the environment, as well as assistance in evaluating potentially exposed patients. The ATSDR offers continuing medical education units and continuing nursing education units. 
National Institute of Environmental Health Sciences (NIEHS)
www.niehs.nih.gov NIEHS provides substantive information about environmental health effects, worker exposure, hazardous waste sites, chemical spills and releases, and environmental justice issues. This site lists employment and training opportunities, events, and environmental health publications. Intramural, extramural, and cooperative research programs can be accessed.
NSF (Formerly known as the National Sanitary Foundation)
www.nsf.org This Public Health and Safety Company site provides information on certification programs and certified products (e.g., food and water). Provides links to other resources.
Internet Resources for Environmental Health (Continued)
National Institute of Occupational Safety and Health (NIOSH) www.cdc.gov/niosh/homepage.html The NIOSH site includes funding opportunities, health hazard evaluations, safety and health topics, and training information. Includes women's health and safety, women's health issues at work, and childhood injuries and exposures. Provides links to other databases.
Natural Resources Defense Council (NRDC)
www.nrdc.org The NRDC site provides information on clean air and energy, global warming, clean water, green living, toxic chemicals and health, nuclear weapons and waste, and environmental legislation. Provides links to federal agencies.
Physicians for Social Responsibility (PSR)
www.psr.org The PSR environment and health program provides information about key environmental health policies and issues such as persistent organic pollutants, climate change and health, medical waste incineration and dioxin, children's environmental health, and drinking water and health.
TOPIC SPECIFIC RESOURCES
ENVIRONMENTAL DATA BASES
Integrated Risk Information System (IRIS)
www.epa.gov/iriswebp/iris/index.html IRIS is an electronic database containing information on human health effects resulting from exposure to various chemicals in the environment. Information in IRIS is intended for those without extensive training in toxicology, butwith some knowledge of health sciences.
National Environmental Data Index (NED!)
www.nedi.gov The NEDI site provides direct access to environmental data and information descriptions and links to agency databases. Provides full-text search of environmental information and fielded search for a subset of the NEDI holdings.
Scorecard
www.scorecard.org
This site provides facts about local pollution by zip code. Environmental issues such as criteria for air pollutants, lead hazard, land contamination (Superfund), and water contamination.
National Toxicology Program (NTP)
http://ntp-server.niehs.nih.gov/ The NTP is a government agency that provides current news, reports, studies and safety information on toxins and other environmental hazards. (USEPA, 2003b) .
Routes ofExposure to AirPollutants
Humans are exposed to air pollutants in many ways that can pose health risks. In addition to breathing contaminated air, other routes of human exposure include:
• Eating contaminated food products, such as fish from contaminated waters.
• Meat, milk, or eggs from animals that fed on contaminated plants.
• Fruits and vegetables grown in contaminated soil on which air toxins have been deposited.
• Drinking water contaminated by air pollutants.
• Contaminated soil, dust, and water (e.g., young children are especially vulnerable because they often ingest soil from their hands or from objects they place in their mouths; recreational use of contaminated water bodies).
Some persistent toxic air pollutants like dioxin can accumulate in body tissues. Predators typically accumulate even greater pollutant concentrations than their contaminated prey. As a result, humans and other animals at the top of the food chain who eat contaminated fish or meat are exposed to concentrations much higher than concentrations in the water, air, or soil (USEPA, 2003b) .
Health Effects
The annual cost of human exposure to outdoor air pollutants from all sources is estimated between $40 to $50 billion (USDHHS, 2000) . The death toll from exposure to particulate air pollution generated by motor vehicles and burning coal, fuel oil, and wood is estimated to be responsible for as many as 100,000 fatalities annually in the United States (Schwartz, 2002 ). People exposed to air pollutants at sufficient concentrations and durations may have an increased risk for certain cancers and other serious health effects. This is especially true for vulnerable populations such as pregnant women, children, older adults, and those with preexisting cardiac, respiratory, or immune system disease. People who work or exercise outdoors may be particularly sensitive to air pollutants.
Health effects from exposure to outdoor air pollutants have been documented for many susceptible populations. Epidemiologic studies have documented the link between ambient air pollution and birth defects. Prenatal exposure to levels of ozone and carbon monoxide that occur in large urban areas can contribute to the occurrence of ventricular septal defects, pulmonary artery and valve anomalies, and contruncal defects (Ritz, 2002) . Other adverse pregnancy outcomes related to air pollution include pre-term birth, low birth weight, intrauterine growth retardation, and ambient concentrations of sulfur dioxide (Liu, 2003b) .
Studies of asthmatic children living in regions with levels of pollution within or near compliance with EPA quality standards suggest that current standards do not protect these more vulnerable members of the population (Gent, 2003; Ostro, 2001) . The Children's Health Study, conducted in Southern California, demonstrated that reduced lung growth and function, increased school absences, asthma exacerbation, and new onset asthma are occurring at current levels of air pollution with sizable economic consequences (Kunzli, 2003) . Asthma is not the only potential adverse health outcome for children exposed to air pollutants. A recent study found a six-fold increase in risk of cancer and leukemia for children living in homes adjacent to street corridors carrying 20,000 or more vehicles daily (Pearson, 2000) .
Finally, older adults bear the burden of air pollution as well. A recent study found an association between particulate matter (PM IO ) and nitrogen dioxide and risk of stroke . A 16 year study, tracking 500,000 U.S. adults, has demonstrated that fine particulate air pollution is associated with increases in cardiopulmonary and lung cancer mortality even after controlling for significant confounders, such as smoking and other individual risk factors (Pope, 2002) . A 5 year study of the heath effects of air pollution on adults older than 65, conducted in Denver, found that ozone is significantly associated with an increased risk of hospitalization for acute myocardial infarction and pulmonary heart disease (Koken, 2003) .
Animals, like humans, may experience health problems if exposed to sufficient quantities of air pollutants over time. Current significant evidence exists that endocrine disruptors (or hormonally active agents), such as dioxins, which may be a byproduct of combustion or waste incineration, cause hypospermia, decreased testosterone, hypospadias, delayed testicular decent, and feminization in male animals (Physicians for Social Responsibility, 2001) . Also of concern are abnormal thyroid function, decreased fertility, and alteration of immune and behavioral function observed in wildlife. There is concern that these chemicals may have similar, if currently unrecognized, effects in humans, particularly among susceptible populations including children, men, and women of reproductive age, older adults, and poor urban individuals (ATSDR, 2002b) .
The good news is that prevention in the area of air pollution has demonstrated significant benefits. Accord-ing to a recent report by the Office of Management and Budget, industry, states, and municipalities have spent an estimated $23 to $26 billion to comply with new clean air standards, which are designed to sharply reduce particulate matter, sulfur dioxide, and other pollutants. These measures have resulted in significant public health benefits. The value of reductions in hospitalization and emergency department visits, premature deaths, and lost workdays resulting from improved air quality were estimated to be between $120 to $193 billion from October 1992 through September 2002 (Pianin, 2003) .
Occupational and environmental health nurses have opportunities for education of susceptible populations, such as providing information for workers, children, and older adults about how to access and use EPA data on air quality index, a scale used by state and local air agencies to report on air quality. Providing guidance to limit prolonged physical exertion outdoors or in the afternoon when the ozone peaks is an important strategy to prevent exposure and adverse health effects. More information is available at www.epa.gov/airnow and www.epa.gov/sunwiselldoc/summertime.pdf. In addition, occupational and environmental health nurses can participate in advocacy activities including efforts to strengthen regulations restricting air emissions and opposing efforts to weaken existing air pollution restrictions on power plants, oil refineries, and other factories.
NURSING IMPLICATIONS
Environmental health provides occupational and environmental health nurses with important opportunities for promoting the health of individuals and communities. Within professional organizations, occupational and environmental health nurses are strategically positioned to advocate for toxic use reduction, environmentally conscious purchasing, pollution prevention, and policies that reflect the precautionary principle. However, the challenge ahead is even larger: to reconceptualize occupational and environmental health nursing practice to include the larger environment. As occupational and environmental health nurses increase their expertise in environmental health, identify at risk populations, learn to recognize and intervene in environmentally related illnesses, develop prevention and control strategies, and engage in education and advocacy, an opportunity exists to make important contributions to the health of clients in the workplace and in communities.
Internet Resources for Environmental Health are listed on pages 21 to 24. Variance in personal susceptibility to environmental hazards may be attributable to age, gender, previous or concomitant exposure, economic status, race, or genetic endowment.
Water pollution sources can be either point sources (a well-defined source, e.g., factory waste water discharge) or non-point sources (more diffuse sources including agricultural, industrial, and urban runoff, domestic lawn care, and air pollution). Pollutants can migrate from disposal sites, underground injection wells, or underground storage systems and contaminate ground and surface drinking water sources.
The annual cost of human exposure to outdoor air pollutants from all sources is estimated to be between $40 to $50 billion. The death toll from exposure to particulate air pollution generated by motor vehicles, burning coal, fuel oil, and wood is estimated to be responsible for as many as 100,000 fatalities annually in the United States.
Through the identification of individuals and groups at greater risk, occupational and environmental health nurses can use primary and secondary prevention activities to protect susceptible individuals and communities from adverse exposures and environmentally related disease.
